Abstract. -We report the first results on linear birefringence studies of dimeric crystals. The compounds investigated were CuX2.2TMS0, X = Br, C1, two Heisenberg S = 112 antiferromagnetic dimers. The exchange constants derived from the birefringenc data are J (Br) /k = -23.0 K and J (Cl) /k = -13.0 K, in good agreement with previous estimates. This study demonstrates the feasibility of using birefringence to study interactions in cluster compounds.
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Introduction
The measurement of the temperature derivative of the linear birefringence (TDLB) is increasingly used to study the magnetic specific heat of transparent materials. Making use of the proportionality between the magnetic contribution to the linear birefringence and the spin-spin correlation function, exchange strengths (Jllc) have been extracted from the TDLMB data for 1-D, 2-D, and 3-D compounds [I] . Several mechanisms have been proposed for the TDLB effect. It is possible to demonstrate [I] that the exchange interaction itself produces a change in the linear birefringence which is proportional to the magnetic energy. This has been found to be the dominent effect.
An additional, second order, mechanism is magnetoelastic strain. As the temperature decreases, the correlation length within the spin system increases. Since the superexchange interaction is a function of distance, a magneto-elastic strain is induced in the crystal. The strain sensitive birefringence therefore reflects the growth of the magnetic correlations [2] .
Here we demonstrate that the TDLB effect can be used to measure magnetic exchange in even a magnetic cluster. In such clusters, both the superexchange interaction and the magnetoelastic strain are confined within the unit cell. Nevertheless, reliable exchange strengths can be extracted from birefringence measurements.
The compounds chosen for study were CuBr2.2TMSO and CuC12.2TMS0, where TMSO = tetramethylene sulfoxide [(cH~), SO] . They were selected since both are easily grown as suitable single crystals and the structures and magnetic susceptibilities have been determined previously [3, 41.
Experimental
Single crystals of the bromide and chloride compounds were grown from methanol by slow evaporation. Both compounds have a broad absorption minimum centered around 543 nm. The crystals were cleaved to obtain parallel surfaces of optical quality. The probe beam was normal t o the ab faces.
A flow-type helium cryostat has been used to very the sample temperature between 3.5 and 250 K. The TDLB was determined using an arrangement in which the sample, Soleil-Babinet compensator and a photoelastic modulator are placed between crossed polarizers [5] . An arc lamp/monochromator combination was used as a light source (A = 543 nm) . Lock-in techniques were used to determine changes of one part in lo7 of the birefringence.
Results a n d discussion
The TDLB of CuC12.2TMSO is plotted as a function of temperature in figure 1 . The data show a pronounced maximum at 9 K and then rapidly decreme at lower temperatures. Similar results are found for CuBr2.2TMSO with the maximum occurring at 16 K. Since the maximum in the magnetic specific heat of S = 112 antiferromagnetic Heisenberg dimers occurs at 0.7 J/k, the data indicate exchange strengths near 13 K for the chloride and 23 K for the bromide.
The higher temperature data do not decrease to zero, as predicted by the magnetic model. Therefore, a lattice contribution has been included in order to fit the experimental data. Such lattice contributions to TDLMB data have previously been associated with the phonon specific heat [6] . In soft materials with correspondingly low Debye temperatures, lattice contributions cannot be neglected. The consequent equation used to represent the experimental results was
where A and B are proportionality constants, C,,, is the theoretical model for a S = 112 Heisenberg antiferromagnetic dimer, and Clat is the Debye model with OD the Debye temperature. Four free parameters, A, B, J/k, and OD were used in the fitting procedure. The TDLMB data fit this model well as represented by the solid line through the data in figure 1 . The exchange strengths have been determined to be
The corresponding OD's given by the fits for the chloride and bromide are 110(5) K and 235(20) K respectively. The magnetic and lattice contributions are shown separately in figure 1 for the chloride. Below 25 K the TDLMB is largely due to the magnetic contribution. At the maxima, the ratio of lattiie to magnetic contributions is 2.8 % and 0.7 % for the chloride and bromide, respectively. This low ratio demonstrates the effectiveness of the TDLB technique for the determination of magnetic specific heat.
The magnetic eltchange strengths, J (Cl) /k = 13.0(5) K and J(Br) /k = -23.0(5) K, are in good agreement with those previously determined [3, 41 from magnetic susceptibility measurements on powdered samples, J (Cl) /k = -12.1(5) K and J (Br) /k = -24.4(2) K. We therefore conclude that the TDLMB technique can be used to determine exchange strengths in dimeric systems.
The advantage of the TDLB technique will be most apparent in the study of ferromag~letic dimers. The susceptibility of Heisenberg ferromagnetic dimers is not sensitive to the precise value af the magnetic exchange constant; uncertainties on the order of 30 % are common in the estimates for J' based on susceptibility data. However, the magnetic specific heat of ferromagnetic dimers is a more sei~sitive function of the exchange strength. Therefore, the TDLMB technique shows promise for considerably more precise determinations of exchange constants for ferromagnetic dimers.
Conclusion
We have reported on the first birekingence measurements on dimeric systems. The determined exchange strengths of CuBr2.2TMS0 and (?uCl2.2TMSO are -23.0(5) K and -13.0(5) K, respectively, in good agreement with previous results. TDLB has therefore been shown to be a effective method for probing magnetic interactions, even when they are confined within the unit cell.
